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Abstract
Medical science has a long history characterised
by incidents of extraordinary insights that have
resulted in a paradigm shift in the methodologies
and approaches used and have moved the discipline
forward. While knowledge discovery has much to
offer medicine, it cannot be done in ignorance of
either this history or the norms of modern medical
investigation. This paper explores the lineage of
medical knowledge acquisition and discusses the
adverse perceptions that data mining techniques will
have to surmount to gain acceptance.
Keywords: Medical and Health Data Mining.
1 Introduction
The nature of data mining research is that it requires
a second discipline to be validated as useful. To do
this, data mining must adapt to this second disci-
pline and conform to the norms expected of that dis-
cipline. In contrast to many disciplines where data
mining has been applied, medicine has a strong, es-
tablished and accepted research methodology and ap-
plication of data mining technology that falls outside
this, however well-meaning, will struggle to be taken
seriously.
This paper thus explores the history of knowledge
acquisition in medicine and extracts from this history
some important issues that data miners should take
into account when mining medical data.
The paper is organised as follows. The next sec-
tion explores the history of knowledge acquisition
methodologies in medicine, while Section 3 discusses
the role of intuition and serendipity in many medical
advances. Section 4 then briefly discusses the role of
data mining to the medical context and includes some
examples of where data mining techniques have im-
plicitly been used. Section 5 then outlines a number
of arguments that have been raised against the adop-
tion of data mining in medicine and briefly discusses
each in turn.
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2 Knowledge Acquisition in Medicine
Throughout recorded history there has been debate
over what constitutes knowledge and therefore what
constitutes proof of knowledge. Early practitioners
of medical science, such as Hippocrates, based their
knowledge development in philosophy and their abil-
ity to see with the eye of the mind what was hidden
from their eyes (Hanson 2006). By the first century
A.D. physicians such as Galen were beginning to ques-
tion the validity and contradictions of Hippocrates’
work which had stood mostly unopposed since the
5th Century B.C. It is not clear if there were any
agreement or understanding of the methods applied
by physicians to develop their knowledge base at this
time as there was no empirical proof or scientific pro-
cess documented. Galen was one of the first to sug-
gest that there should be a process for the provision
of substantiated evidence to convince people of the
value of long held medical beliefs. He raised the no-
tion of a practical clinical method of knowledge ac-
quisition which combined the Hippocratic concept of
hypothesis development through considered thought
and a priori knowledge, with clinical observation to
evaluate and hence provide proof or otherwise of the
hypothesis. This general process has survived to the
present day and is reflected not only in the provision
and acceptance of new knowledge but also in clinical
diagnosis.
The historical debate on knowledge acquisition
methodologies has primarily focused on three philo-
sophical groups; Methodists, Empiricists and Ratio-
nalists. Whilst these three groups are most frequently
discussed in a Graeco-Roman context, they were ei-
ther being applied or paralleled in various other cul-
tural contexts including India and Islam. All three
of these contexts are discussed here briefly to demon-
strate the extent and foundations of medical knowl-
edge acquisition debate in the ancient world.
2.1 The Graeco-Roman Context
• Methodists
The first prominent physician practising the
Methodist philosophy was Hippocrates of Cos
(460-380 B.C.) – the so-called Father of Medicine
(Hanson 2006). It is believed by many that he
initiated the production of over 60 medical trea-
tises known as the Hippocratic Corpus. The cor-
pus was written over a period of 200 years and
hence had more than one author which is re-
flected in the sometimes contradictory material
which it contains. The body of work was, how-
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ever, consistent in its reliance on defining a nat-
ural basis for the treatment of illnesses without
the incorporation or attribution of magic or other
spiritual or supernatural means as had occurred
previously. Methodists founded their knowledge
on an understanding of the nature of bodily flu-
ids and developing methods for the restoration
of fluid levels. They were not concerned with the
cause of the imbalance or the effect on the body
of the imbalance, only in recognising whether it
was an excess or lack of fluid and the method for
treating that observation.
• Rationalists
Rationalists believed that to understand the
workings of the human body it was necessary to
understand the mechanism of illness in terms of
where and how it affected the body’s functioning
(Brieger 1977). They were not interested in the
treatment or diagnosis of illness but focused on
understanding and recording the functioning of
the living system. Two works are prominent in
this group (Cosans 1997); the Timaeus by Plato,
which systematically described the anatomical
organisation of the human body and; Historia
animalium by Aristotle, which discussed further
both human and animal anatomy and the links
between such entities as the heart and blood cir-
culation. This method of knowledge acquisition
was criticised as it effectively removed medicine
from the grasp of the average man and moved it
into a more knowledge based field where philo-
sophical debate or an observational experiential
approach were not deemed sufficient (Brieger
1977). Essentially, rationalists did not believe
in a theory unless it was accompanied by rea-
son. They espoused the requirement for knowl-
edge to be founded on understanding both the
cause and effect of physical change in the body
(Horton 2000).
• Empiricists
The Empiricists believed that it was not suffi-
cient to understand how the body works and re-
acts to illness. They pursued a philosophy which
stated that it was necessary to demonstrate the
efficacy of treatments and provide proof that a
treatment is directly responsible for the recov-
ery of a patient rather than providing academic
argument regarding why it should result in re-
covery. Galen is considered to be one of the ear-
liest, better known and more frequently quoted
empiricists (Brieger 1977). He was particularly
interested in testing the theories proposed in the
Hippocratic Corpus, especially given its frequent
contradictions. His work was also produced when
medicine as a science was evolving from its pre-
vious status as a branch of philosophy. In his
work Galen argues that medicine, understood
correctly, can have the same epistemological cer-
tainty, linguistic clarity, and intellectual status
that philosophy enjoyed (Pearcy 1985). Empiri-
cists were the first to concentrate on the acqui-
sition of knowledge through demonstrated clin-
ical proof developed through scientific method-
ologies which provided conclusive statements of
cause and effect.
2.2 The Islamic Context
• The Methodists (Ashab al-Hiyal).
In direct parallel to the Methodist philosophy
discussed earlier, this sect believed in a general-
ist view of illness and treatment and categorised
conditions in terms of the extent to which bodily
fluids and wastes are either retained and/or ex-
pelled. Treatments were generally natural reme-
dies based upon adjusting the balance between
such aspects of life as food and drink, rest and
activity etc. Methodists were not interested in
the type of patient or cause and effect of illness
and were hence considered to be more prone to
error (Muhaqqiq n.d.).
• The Empiricists (Ashab al-Tajarib).
Islamic empiricists believed that medical knowl-
edge was derived from experience obtained
through the use of the senses and that the knowl-
edge is comprised of four types (Muhaqqiq n.d.):
– Incident (ittifaq) – this can either describe a
natural event, such as a sweat or headache,
or an accidental event, such as a cut or a
broken limb.
– Intention (iradah) – denotes an event expe-
rienced by choice, such as taking a cool bath
to reduce a fever.
– Comparison (tashbih) – a technique em-
ployed by a practitioner whereby it is noted
that a technique results in a useful effect
which can be applied to other similar pre-
sentations. For example, applying cold wa-
ter to reduce localised burning of the skin
following the observation that a cool bath
can reduce generalised fever or body heat.
– The adoption of a treatment that was used
in another similar case (naql min shay’ iki
shabihihi) – a technique whereby the physi-
cian applies a treatment for a similar pre-
sentation for a presentation which has not
been encountered before. For example, the
prescribing of a medication for a previously
unencountered infected tooth where that
medication had only previously been used
for an infection elsewhere in the body.
The empiricists treated a patient through knowl-
edge of the patient’s demographics, and there-
fore all patients of a certain age and sex with
some similar complaint were treated the same
whereas patients of the opposite sex might have
been treated differently though the condition was
the same. Their knowledge was based on patient
characteristics rather than a specific condition or
set of symptoms. Whilst this seems to differ from
the Graeco-Roman definition of empiricism, both
groups believed that knowledge acquisition oc-
curred through observing or testing the effect of
a treatment and producing rules based on what
is considered reliable empirical proof rather than
conjecture and debate.
• The Dogmatists (Ashab al-Qiyas).
The Dogmatists believed that scientific belief and
knowledge should be derived from experience and
observation, tempered by considered evaluation
(Mohaghegh 1988). They believed that changes
in the bodily functions must be precipitated by
some event and that it is necessary to not only
understand what these changes are but also what
the specific causes of those changes are to cor-
rectly diagnose and treat any condition. They
define changes as being of two types (Muhaqqiq
n.d.):
– Necessary change - drink reducing thirst.
This is a change which is required for nor-
mal bodily functioning.
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– Unnecessary change - dog bite causing
bleeding. This change is not a requirement
to aid or enhance bodily well-being.
Dogmatists based their treatments upon the na-
ture of the condition rather than the type of pa-
tient as seen with the empiricists. The treat-
ments were therefore selected through knowledge
of the causes of illness and the effects of those
treatments upon the illness or symptoms. This
required an understanding of the physical body
and the changes that result from illness in a sim-
ilar manner to the Graeco-Roman Rationalists.
It has been suggested that in general, Islamic physi-
cians relied primarily upon analogy which reflects
their focus on logic in other scholarly areas (Mo-
haghegh 1988). This has resulted in widespread sup-
port for the Dogmatist methods of knowledge acquisi-
tion through research and understanding of cause and
effect in the human system. However there is still de-
bate between scholars with some believing that Dog-
matism alone is the only method of ensuring progress
in medical diagnosis and treatment as it is the only
method which tries to seek new understanding rather
than relying upon past experience or a closed as-
sumption that there is a single cause for all illness
(Mohaghegh 1988). Others prefer to adhere to the
Graeco-Roman perspective (developed by Plato) that
a combination of experience and analogy is required
if a holistic, ‘correct’ practice of medicine is to be
achieved (Muhaqqiq n.d.).
2.3 The Indian Context
India is not well known for its scientific contributions
or texts, however it has a long history in the develop-
ment of a quorum of medical knowledge. In the 11th
century a Spanish scholar, Said Al-Andalusi, stated
that he believed that the Indian people are the most
learned in the science of medicine and thoroughly in-
formed about the properties of drugs, the nature of
composite elements and the peculiarities of the exist-
ing things (al Andalusi 1991). The reasons for this
apparent invisibility of Indian scientific progress may
be due to religious debate in India which has fre-
quently negated the influence of scientific explanation
instead preferring to rely upon mystical or spiritual
beliefs. There are however, documented scientific ap-
proaches to the development of a body of knowledge
regarding medicine from centuries before the texts of
Hippocrates and which, although often earlier, dis-
cuss similar theories to those presented in the Graeco-
Roman texts.
• The Rationalist schools
One of the earliest groups to produce texts
concerning to acquisition of knowledge regard-
ing the human state was the Upanishads which
were believed to have been written between
1500 and 600 B.C.E. and were concerned with
knowledge regarding the spirit, soul and god
(South Asian History Project 2002, Kaul &
Thadani 2000). Although these texts were em-
bedded in mysticism and spirituality, they used
natural analogy to explain the notion of the soul
and god and allowed the expression of scien-
tific and mathematical thought and argument.
This formed the basis for the emergence of the
rationalist period. Early rationalists included
the Lokyata, Vaisheshika and Nyaya schools.
These groups espoused a scientific basis for hu-
man existence and a non-mystical relationship
between the human body and mind. They
also developed primitive scientific methodologies
to provide valid knowledge (South Asian His-
tory Project 2002, Kaul & Thadani 2000)
– The Lokyata were widely maligned by
Buddhist and Hindu evangelicals as being
heretics and unbelievers due to their refusal
to make artificial distinctions between body
and soul (Kaul & Thadani 2000). They saw
all things in terms of their physical prop-
erties and reactions and gave little atten-
tion to metaphysical or philosophical argu-
ment, preferring to believe only what could
be seen and understood. They developed a
detailed understanding of chemistry, chem-
ical interactions and relationships between
entities. They are also believed to be the
first group to document the properties of
plants and their uses, this provided an ele-
mentary foundation for all pharmaceutical
knowledge which followed.
– The Vaisheshika school’s main achievement
in the progression of human knowledge was
in their development of a process for the
classification of entities in the natural world,
and in their hypothesis that all matter is
composed of vary small particles with dif-
fering characteristics. (South Asian His-
tory Project 2002). Their theory stated
that particles, when combined, gave rise to
the wide variety of compounds found upon
the earth and allowed them to be classi-
fied by the particles from which they were
formed. This school also introduced the
notion of cause and effect through moni-
toring and understanding temporal changes
in entities. The importance of this work
lay in the application of a methodology for
identification and classification of relation-
ships between previously unconnected enti-
ties. This early recognition of the need for
a documented scientific process provided a
mechanism for the schools which followed to
present substantiated proof of evidence for
theories in the sciences including physics,
chemistry and medicine.
– The Nyaya school further developed the
work of the Vaisheshika school by contin-
uing to document and elaborate a pro-
cess for acquiring valid scientific knowledge
and determining what is true. They doc-
umented a methodology consisting of four
steps (South Asian History Project 2002):
∗ Uddesa was a process of defining a hy-
pothesis.
∗ Laksan was the determination of re-
quired facts through perception, infer-
ence or deduction.
∗ Pariksa detailed the scientific examina-
tion of facts.
∗ Nirnaya was the final step which in-
volved verification of the facts.
This process would result in a conclusive finding
which would either support or refute the original
hypothesis.
The Nyaya school also developed definitions for
three non scientific pursuits or arguments which
were contrary to the determination of scien-
tific truth but which were often applied to pro-
vide apparent evidence for theories or knowl-
edge (South Asian History Project 2002, Kaul
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& Thadani 2000). These included jalpa to de-
scribe an argument which contained exaggerated
or rhetorical statements or truths aimed at prov-
ing a point rather than seeking evidence for or
against a point; vitanda which aimed to lower
the credibility of another person and their the-
ories and generally composed of specious argu-
ments; and chal, the use of language to confuse
or divert the argument.
Further to this again a set of five ‘logical fallacies’
was developed:
– Savyabhichara - denotes the situation where
a single conclusion is drawn where there
could be several possible conclusions,
– Viruddha - where contradictory reasoning
was applied to produce proof of the hypoth-
esis,
– Kalatita - where the result was not pre-
sented in a timely manner and could there-
fore be invalidated,
– Sadhyasama - where proof of a hypothesis
was based upon the application of another
unproven theory, and
– Prakaranasama - where the process simply
leads to a restating of the question.
These concepts were unique in their time and
many remain applicable in modern scientific re-
search.
• The Jains are worthy of note not because of the
size of their impact on the process of acquisition
of scientific knowledge but due to their identifica-
tion of a truth matrix which demonstrated that
there are more possible outcomes from scientific
research than simply true or false as shown in
Table 1.
Proved Indeterminate
True ?
False ?
True or false ?
Indeterminate ?
True or indeterminate ?
False or indeterminate ?
True or false or indeterminate ?
Table 1: The 7 states of truth according to the Jains
Prior to the work of the Jains, scientists de-
scribed their outcomes only in terms of true or
false and did not consider that there may be de-
grees of truth or that a hypothesis might not have
been proved or disproved but may remain open
to debate or require further testing to gain a con-
clusive result.
This section has demonstrated that the quest for
new medical knowledge and a deeper understanding
of the human system is not a recent initiative but
one which has its foundations up to four centuries
B.C. While there were several distinct cultural groups
all were primarily concerned with defining the most
reliable methodology for evaluating what knowledge
could be trusted and applied clinically. The Graeco-
Roman and Islamic practitioners were concerned with
the means by which evidence was obtained and the
Indians were more concerned with methods for prov-
ing the validity of knowledge after it had been discov-
ered. Both foci remain the topic of debate and as late
as 1997 a report was published by the International
Humanist and Ethical Union regarding trusted ver-
sus untrusted clinical practices and the requirement
for proof of the benefits of medical treatments. The
opening of a Mantra Healing Centre at the Maulana
Azad Medical College in New Delhi was described as
ridiculing the spirit of inquiry and science through its
application of sorcery and superstition in their rudest
form (Gopal 1997). The report did not however argue
that there was no worth in mantra healing but that
there was no proof of worth as per the requirements
of the still flourishing rationalist opinion. The debate
on what is trusted and clinically applicable knowledge
rightly informs the focus of much research.
3 Non-scientific knowledge acquisition
History has shown that the acquisition of much cur-
rently accepted medical knowledge was based on
serendipity or chance accompanied by a strong per-
sonal belief in an unproven hypothesis. Indeed, much
knowledge was acquired through a process which di-
rectly contradicts accepted scientific practice. Whilst
there was usually a scientific basis to the subse-
quent development of proof, this was often produced
through a non traditional and often untrusted appli-
cation of scientific processes. Unfortunately, this of-
ten resulted in lengthy delays in acceptance of the
work. The following list provides a range of such
breakthroughs over the past 250 years which can be
attributed to chance, tenaciousness and/or the ap-
plication of non-conventional methods to obtain evi-
dence.
• James Lind (1716-1794) (Buck et al. 1988).
Based upon an unsubstantiated personal belief
that diet played a role in the development of
scurvy on naval vessels, Lind performed limited
randomised trials to provide proof and then pub-
lished his Treatise on the Scurvy, which is still
relevant to this day.
• Edward Jenner (1749-1823) (Sprang 2002). Dur-
ing his apprenticeship, Jenner overheard a milk-
maid suggest that those who have had cowpox
did not contract smallpox. He then tested the
theory by infecting a young boy sequentially with
each pathogen and as a result created the concept
of a vaccine and initiated the global eradication
of smallpox.
• John Snow (1813-1854) (Burke 1985). Snow be-
lieved, without any direct evidence, that the
transmission of viral agents was possible through
contaminated water. In 1854 he applied the the-
ory and provided an answer to the cholera epi-
demic.
• Alexander Fleming (1881-1955) (Mulcahy 1996).
Fleming stumbled upon a discarded culture plate
containing a mould which was demonstrated to
destroy staphylococcus. The mould was isolated
and became the active ingredient in penicillin
based antibiotics.
• Carlos J. Finlay (1833-1915) (Adams 1992). Fin-
lay’s observations regarding cholera, although
similar to Snow’s, were not taken seriously be-
cause of a perceived criticism of the local author-
ities. His observations regarding the mosquito as
a vector in the transmission of Yellow Fever were
also nearly dismissed and it was 20 years before
his theory was taken seriously.
• Henri Laborit (1914-1995) (Pollard 2006). Dur-
ing his ward visits, Laborit noticed that patients
given an antihistamine named promethazine to
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treat shock not only slept but reported pain re-
lief and displayed a calm and relaxed disposi-
tion leading to the development of medications
to treat mental disorders including schizophre-
nia.
• Robert Edwards and Patrick Steptoe (1925-,
1913-1988) (Fauser & Edwards 2005). These
doctors were the first men to deliver a baby
through in-vitro fertilisation after 20 failed at-
tempts and great ethical debate following a lack
of proof in animal subjects.
• Barry J. Marshall (1951-) (Marshall 1998). Mar-
shall worked against accepted medical knowledge
to provide proof of the bacterial agent, Heliobac-
ter Pylori, as the cause of stomach and duodenal
ulcers. So strong was the opposition to initial
clinical testing of the theory he resorted to using
himself as the test subject.
Whilst each of these examples provided wide
reaching benefits to human health and contributed
significantly to the body of medical knowledge in
some cases, they would not have been possible if only
standardised scientific methodologies had been ap-
plied using only trusted traditional processes. This
demonstrates that there is often a need to depart from
conventional methodologies to facilitate the acquisi-
tion of knowledge, although there is always a require-
ment to subsequently provide substantiated proof and
an argument based upon accepted scientific princi-
ples.
The applicability of this notion of departing from
conventional methodologies is particularly relevant to
data mining research with its focus on the applica-
tion of new techniques and technologies which already
have demonstrated an ability to provide an important
impetus to the acquisition of knowledge in other do-
mains. However, the same proof of hypothesis hurdles
must be overcome and an equally strong argument
and testing methodology must be provided for the
resulting knowledge to be accepted. Throughout his-
tory the same quality of evidence has been required
and the omission of this evidence has often resulted
in decades of latency between hypothesis statement
and the generation of conclusive evidence in support
(or otherwise) of that hypothesis.
Despite the methodology for producing the evi-
dence required for knowledge acquisition, the above
examples all fulfilled a number of basic requirements
prior to acceptance. These requirements are sum-
marised below:
1. Replication of results. For data mining, this
means that datasets must be, at least in theory,
publicly available. Moreover, as Freitas (2000)
points out, association rule mining generates the
same set of rules for every subsequent run over
the same data, whereas some classifiers can be
unstable, generating markedly different classi-
fiers for small changes to the input dataset.
2. Non contradictory results. There are many data
mining algorithms that will produce results that
include an apparent contradiction but few that
attempt to detect these contradictions and ex-
plain them.
3. Scientifically justified theories and hypotheses.
4. Ethical methodologies and measures.
5. Results demonstrated to be representative of the
population. This means that accepted methods
of statistical confidence must be adopted.
6. Results derived from sufficient numbers of cases.
Data mining works best over large quantities of
data. Running data mining over small datasets
is unsound and, arguably, not within the scope
of data mining technologies.
7. Publicly documented processes and results.
Some of the impediments to the adoption of data
mining in medicine are discussed in Section 5 and
demonstrate the need to understand and apply these
requirements.
4 Medical knowledge acquisition through
data mining
One of the more commonly quoted definitions of data
mining is that it is a non-trivial process of identifying
valid, novel, potentially useful and ultimately under-
standable patterns in data (Houston et al. 1999). Data
mining is essentially part of a larger knowledge dis-
covery process whereby data is transformed into in-
formation and knowledge is then extracted from that
information with the focus being on the identification
of understandable patterns in data. This definition
is used as a foundation for the development of many
medical data mining systems. However, data mining
has the potential in the medical domain to expand
this definition even though use to date has been sparse
(Forsstrom & Rigby 1998).
Data mining in medicine is most often used to
complement and expand the work of the clinician
and researcher by qualifying or expanding knowledge
rather than providing new knowledge, as has been the
trend in other domains. Very little health data min-
ing is purely exploratory and hence it is generally not
applied to provide novel knowledge, that is, to iden-
tify new patterns hidden within the data. One of the
difficulties in providing new knowledge in the health
domain is the need to sufficiently cross reference and
validate the results. It is not sufficient to provide
a standard rule in the form of A gives B in the pres-
ence of C without substantiating the information held
therein. This information could already be known,
may be contrary to known medical facts due to miss-
ing attributes leading to incomplete information, may
not be statistically valid by trusted measures or may
simply not relate to the specialisation of the user and
is therefore irrelevant. Hence data mining systems to
date have generally been developed for a specific user
or data type and for a specific purpose.
The health domain is complex and standardised
data mining techniques are often not applicable (Cios
& Moore 2002), however, there are four procedures
that are frequently documented.
1. Production of association rules;
2. Clustering;
3. Trend or temporal pattern analysis; and
4. Classification.
These processes are applied to provide three gen-
eralised functions:
1. Prediction;
2. Expert decision support;
3. Diagnosis.
It should be noted that over centuries medical
professionals have (often unknowingly) employed the
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same scientific analytical methods to data as are ap-
plied during data mining in order to develop hypothe-
ses or to validate beliefs. Whilst these techniques have
been applied in a simplistic form they clearly demon-
strate the applicability of the founding principles of
data mining to medical inquiry and knowledge acqui-
sition.
• Data sampling - James Lind (Katch 1997).
Lind performed small randomised trials to pro-
vide proof of the cause of scurvy. In his position
as Naval doctor he could test his theories on the
crews of the vessels he sailed on, however without
documented proof it was not possible to test the
entire navy on mass. Developing sufficient proof
in this manner was a lengthy process and it was
50 years before the British Admiralty accepted
and applied his theories, a delay which cost the
lives of many sailors. Lind’s process shows the
use of examining subsets of the population, be-
ing able to clearly identify the variant in the
knowledge gained and then substantiating that
knowledge by testing on similar populations to
ensure the finding is representative is a suitable
technique for hypothesis testing and knowledge
substantiation.
• Association mining - Edward Jenner (Sprang
2002).
Following development of a hypothesis from the
knowledge that milkmaids were less likely than
members of the general population to develop
smallpox due to their increased contact with cow
pox, Jenner conducted further tests over a pe-
riod of 25 years to validate the relationship and
publish his findings. This work demonstrates the
use of the concept of support through Jenner’s
realisation that there was a frequently occurring
and previously unknown pattern in a data set
or population. That pattern was subsequently
tested to provide confidence levels by showing
that contracting cowpox almost always results in
an inability to contract smallpox.
• Clustering - John Snow (Burke 1985).
In his investigation of the cholera outbreak of
1854, Snow applied a meticulous process of in-
terviewing to collect data. He used the informa-
tion collected to develop a statistical map which
clustered interview responses based upon the wa-
ter pump which supplied water to the individ-
ual. This revealed that every victim had used a
single supply of water and no non-sufferers had
used that supply. Further investigation showed
that this pump was contaminated by a nearby
cracked sewage pipe. This shows not only the
power of the use of medical data for statistical
purposes, but the benefits that can result from
applying clustering techniques to that data.
• Association rules and classification - Henri
Laboit (Pollard 2006).
Laboit extended the use of promethazine to treat
mental disorders including schizophrenia by re-
alising patterns in side effects from administer-
ing the drug during surgery on non mentally ill
patients. This was achieved through identifying
association rule style patterns to describe associ-
ations between focal and non focal attributes, for
example, combinations of relationships between
diagnosis, treatment, symptoms, side effects and
medications. Analytical techniques were em-
ployed to classify conditions exhibiting similar
patterns of presentation and clinical testing was
utilised to demonstrate the effect of applying an
identified drug to control those classes of symp-
toms.
These techniques until recently were employed
manually and hence were on a much smaller scale
than we see today through the application of auto-
mated data mining systems. However they demon-
strate the impressive potential for automated data
analysis techniques to be applied with greater benefits
and applicability than previously thought possible.
5 Perceived Impediments to the Adoption of
Data Mining in Medicine
The history of medical knowledge acquisition can be
seen to inform some of the criticisms of medical data
mining which have led, in some cases, to the tech-
nology being overlooked as a tool. In particular, the
(initially at least) exploratory nature of data mining
seems to negate the need for a hypothesis. Such crit-
icisms must be addressed and this section discusses
six of the strongest arguments cited against the ap-
plication of data mining in medicine.
Data mining outcomes are seen as generalisa-
tions and not verified for medical validity
or accuracy. (Elwood & Burton 2004, Milloy
1995)
Medicine is a highly complex domain for which
data mining processes were not designed. Fre-
quently they originated in response to changes in
commerce or management practices where there
was no methodological need to substantiate re-
sults on the basis of protocols or domain knowl-
edge. Medicine has requirements which are out-
side the original scope of the technology, and to
be applicable to a science which is concerned with
critical decision making there is a need to modify
the technology to reflect this different environ-
ment.
Whilst this is a serious issue, it is often borne
from misrepresentation of the results of data min-
ing rather than from the process itself. There is
a need for careful consideration of the language
used when reporting results (Maindonald 1998).
It is possible for the results to be specific but
for the language of reporting to generalise the
message. For example, Elwood & Burton (2004)
describe a case where a mining outcome showed
that smoking does not have a direct link with
skin cancer. However the resulting media story
reported that smoking is not linked with cancer
generally. While a scientific data mining process
was applied the language of information presen-
tation was misleading and the resultant reporting
was inaccurate and medically invalid. Medicine
is especially sensitive to this form of information
distortion and the consequences have the poten-
tial to be life threatening, politically sensitive,
costly and persistent which is rarely the case in
other domains.
There is little to sustain this argument in light
of recent work in the field. By the applica-
tion of suitable statistical methods, evaluation of
all results and applying industry accepted stan-
dards there is no reason to believe that data min-
ing cannot provide effective validation and accu-
racy checking processes (Gebski & Keech 2003,
Shillabeer & Roddick 2006). Three steps have
been suggested to safeguard against this criticism
(Smith & Ebrahim 2002).
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1. Results should not be published on the basis
of correlation alone.
2. An explanation should be provided with the
results to provide clarification e.g. A defi-
nition of the unique quality of the allergen
that triggers the alleged immune response.
3. Results should be replicated, confirmed and
documented prior to publication.
These steps are not part of standard data mining
methodologies but are required to be undertaken
if the mining of medical data is to overcome crit-
icism, be viewed as ‘good science’ and gain trust
in the medical community.
Associations are not representative of other
similar attributes and do not consider
other potential contributors. (Milloy 1995,
Smith & Ebrahim 2002)
In a medical context, relationships found be-
tween one allergen and symptoms must be sub-
stantiated through analysis of similar allergens
or the same allergen in other temporal, spacial or
demographic instances. If this cannot be shown
it suggests that there is not a conclusive argu-
ment for cause and effect or that some other cat-
alyst or cause has been missed (Smith & Ebrahim
2002). Again, data mining was not designed to
do this however this should not be a preventative.
Methods are available to achieve this where it is
important to determine the semantic closeness of
results. Criticism often focuses on data dredgers
who promote results as facts rather than being
indicative of a possible scenario requiring further
investigation. Where an association is found it
is important to compare this with other associa-
tions or to apply a clustering algorithm to group
semantically and determine where there is simi-
larity or otherwise to other attributes or rules.
P -values are set arbitrarily and therefore the
results cannot be trusted. (Milloy 1995,
Smith & Ebrahim 2002)
P -values may be applied in two ways: to evalu-
ate and discriminate the acceptability of mining
results and, as a guideline or tool for reducing
irrelevant outcomes. Data mining can also be
applied in divergent modes; to show what the
common patterns in data are, or to show where
common patterns are refuted in the data. Ob-
viously the p-values required for these two min-
ing runs would be different thus obviating the
need for a range of p values to be applied. An
issue arises where the p-value is modified itera-
tively until the outcomes meet some predefined
need. It is important to always set heuristic
thresholds in context of the specific analysis be-
ing done and in fact a calculation for p should
be only one test among many (Gebski & Keech
2003, Shillabeer & Roddick 2006). In the med-
ical domain, attribute-value relationships which
occur frequently, and hence have a low p-value,
are likely to be known already and would gener-
ally be of little if any interest. This is a major
difference between traditional data mining ap-
plications, where generally the events which oc-
cur most frequently are of the greatest interest
and hence have a similar p threshold, and appli-
cations in the medical domain where frequency
is not a conclusive determinant in defining the
usefulness, validity or applicability of results and
hence may require varying p values.
Associations between attributes are depen-
dent upon the data set being analysed and
are not representative. (Smith & Ebrahim
2002)
There is often a poor approach to the collec-
tion and description of data sources and sam-
ples which is not consistent with the process of
data mining and other scientific methodologies
(Milloy 1995, Maindonald 1998). For results to
be accepted the data source should be from an
identifiable population with defined characteris-
tics such as location, demographics, and propor-
tions (Smith & Ebrahim 2002). In a clinical re-
search setting this is overcome using protocols
and guidelines to ensure that results are repre-
sentative and can be replicated. One such proto-
col is CONSORT which is used globally by med-
ical researchers and is endorsed by a number of
prominent journals (Moher 1998).
In epidemiological studies, this problem is exac-
erbated by the use of external, non medical do-
main specific datasets that, while generally ac-
curate and reliable, where not collected for the
purposes of data mining (Roddick et al. 2003).
Data mining provides validation through tools
such as artificial intelligence and neural nets be-
ing applied in the knowledge mining step to sam-
ple the data, provide outcomes then automat-
ically test them on the whole data source to
show that the outcome holds true for all avail-
able data not just one small subset (Smith &
Ebrahim 2002). Data mining is a highly inten-
sive machine process which utilises huge process-
ing power, memory and time. Data sampling is
often used as an initial step to reduce these con-
straints but correct utilisation may help to over-
come this criticism also.
Data mining is simply a desperate search
for something interesting without know-
ing what to look for. (Milloy 1995, Smith &
Ebrahim 2002)
Exploratory mining, which is not constrained by
user expectations, can uncover unexpected or un-
known knowledge with wide reaching benefit and
can be utilised to review and extend current med-
ical knowledge. With the wealth of data being
produced daily in the medical field the argument
that it should not be used in an exploratory
fashion to at least note important changes in
data patterns demonstrates a misunderstanding
of the potential value held therein. It is argued
by some (Maindonald 1998, Smith & Ebrahim
2002) that it can be beneficial to look simply for
something interesting rather than make an as-
sumption about what is present in the data as if
we only ever look for what is known we will po-
tentially never find anything new and progress
cannot be made. Provided this is a result of a
scientific process then further mining or clinical
trials can be undertaken for evidence to substan-
tiate the initial findings. This criticism is only
valid where the search is for anything interesting
even if only minimally and where there is little
or no validation.
Data mining displaces research and testing
and presents results as facts requiring no
further justification. (Milloy 1995)
Contrary to the criticism, data mining in
medicine is generally viewed as an efficient tool
for enhancing the work done in the field rather
than as a replacement for it (Maindonald 1998).
Its value is seen as a process of automated
serendipity that stimulates and supports testing
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rather than replaces it. When considering the
use of mining outcomes there are two questions
often asked; is this result representative of what
has been recorded over time?, and can the anal-
ysis outcome be verified through real world ap-
plication? (Smith & Ebrahim 2002). Whilst the
first can be answered with some conviction by
data mining the second requires clinical input
and hence the process of providing trusted knowl-
edge from data requires a collaborative effort by
automated and clinical processes. When we con-
sider that time from hypothesis to application
of new knowledge is often measured in decades
we should feel compelled to find new knowledge
as quickly as possible and data mining offers the
ideal tool for this.
6 Conclusions
History and current practice are important issues and
need to be taken into account when constructing or
justifying data mining techniques in medicine. This
paper has outlined some of these issues.
There is a belief by some that the rate of medical
breakthroughs of the calibre of those listed above has
slowed dramatically since the 1970’s (Horton 2000)
This could be attributed to the inability of the hu-
man mind to manage the volume of data available
and that most if not all patterns in data which may
reveal knowledge and which occur frequently enough
to be noticed by the human analyst are now known.
This adds significant weight to the argument for the
application of more effective and efficient automated
technologies to uncover the less visible knowledge or
less frequent but equally important patterns in the
data. We must however learn from history and en-
sure that the validation requirements for knowledge
acquisition, as discussed above, are adhered to by any
automated process as for other methods of knowledge
acquisition.
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